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(54) [ Title of the Invention ] Circuit Connection Material and Circuit Connection 

Method Utilizing This Connection Material 

(57) [ Abstract ] 

[ Composition ] A circuit connection material, obtained by dispersing 
electroconductive particles in an adhesive component produced by adding 0.05 to 
10 weight parts of a sulfonium salt expressed by General (Chemical) Formula 1 per 
100 weight parts of a composition containing a cation polymerizable substance. 



[ Chemical Formula 1 ] 



(In Chemical Formula 1, R 1 is an electron-attracting group such as nitroso, carbonyl, 
carboxyl, cyano, trialkylammonium, or fluoromethyl; R 2 and R 3 are electron-donating 
groups such as amino, hydroxyl, and methyl; and Y- is a non-nucleophilic anion such 
as hexafluoroarsenate or hexafluoroantimonate.) 

[ Merits ] The material has good storage stability, remains adhesive at a low 
temperature (140°C or lower), and rapidly bonds components at a temperature near 
200°C. 

[ Claims ] 

[ Claim 1 ] A circuit connection material, characterized in that electroconductive 
particles are dispersed in an adhesive component produced by adding 0.05 to 
10 weight parts of a sulfonium salt expressed by Chemical Formula 1 per 100 weight 
parts of a composition containing a cation polymerizable substance. 

[ Chemical Formula 1 ] 



(In Chemical Formula 1, R 1 , R 2 , and R 3 may be the same or different substituted or 
unsubstituted groups, and Y- is a non-nucleophilic anion.) 

[ Claim 2 ] A circuit connection material as defined in Claim 1, characterized in that 
R 1 is an electron-attracting group, and R 2 and R 3 are electron-donating groups. 



[ Claim 3 ] A circuit connection material as defined in Claim 1 or 2, characterized in 
that the electroconductive particles are selected from particulate electroconductive 
materials, particles obtained by coating the surface of a nonconductive material with an 
electroconductive material, and particles obtained by coating the surface of 
electroconductive particles with an insulating material. 

[ Claim 4 ] A circuit connection material as defined in Claim 1, 2, or 3, characterized 
in that the content of electroconductive particles in the adhesive component is 0.05 to 
20 vol%. 

[ Claim 5 ] A circuit connection material as defined in Claim 1, 2, 3, or 4, 
characterized in that the particle size of the electroconductive particles is 1 to 18 jam. 

[ Claim 6 ] A circuit connection material as defined in Claim 1, 2, 3, 4, or 5, 
characterized in that the melt viscosity of the adhesive component at 100°C is 1 to 
1000 Pa s. 

[ Claim 7 ] A circuit connection material as defined in Claim 1, 2, 3, 4, 5, or 6, 
characterized in that the sulfonium salt is microencapsulated. 

[ Claim 8 ] A circuit connection method, characterized in that a circuit connection 
material obtained by dispersing electroconductive particles in an adhesive component 
produced by adding 0.05 to 10 weight parts of a sulfonium salt expressed by Chemical 
Formula 1 per 100 weight parts of a composition containing a cation polymerizable 
substance is sandwiched between two circuit conductors facing each other, and wiring 
boards having these circuit conductors are heated and pressed from the back, yielding a 
laminated monolithic structure. 



[ Claim 9 ] A circuit connection method as defined in Claim 8, characterized in that 
the heating and pressing are performed for 10 to 60 seconds at a temperature of 1 10 to 
140°C and a pressure of 0.5 to 5 MPa. 

[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Technological Field of the Invention ] The present invention relates to a circuit 
connection material and a connection method utilizing this connection material such 
that two circuit boards can be bonded together and that electrical conduction can be 
established between the mutually facing conductors of two circuit boards without 
creating shorts between adjacent circuits on the same circuit board. 

[ 0002 ] 

[ Prior Art ] Products obtained by dispersing electroconductive particles in 
thermosetting materials (epoxy, silicone, and the like) or thermoplastic materials 
(urethane, polyester, acrylic, and the like) are known as substances capable of bonding 
together two circuit boards and establishing electrical conduction between the mutually 
facing conductors of the two circuit boards without shorting the circuits (see, for 
example, Japanese Patent Application Laid-open No. 52-59889 and 55-164007). 

[ 0003 ] When the adhesive component is a thermosetting material, tertiary amines or 
imidazoles, which act as anion-polymerization curing agents with respect to epoxy 
resins, are primarily used as the curing agents or catalysts for curing these 
thermosetting materials. Epoxy resins containing added tertiary amines or imidazoles 
can be used for a comparatively long time because they are cured by being kept at 
moderate temperatures (about 160 to 200°C) for several tens of seconds to several 



hours. It is also known that the service time can be extended by microencapsulating 
tertiary amines or imidazoles (see, for example, Japanese Patent Application Laid-open 
No. 4-314724). 

[ 0004 ] Cation-polymerization curing agents can also be used in addition to the 
aforementioned anion-polymerization curing agents. Photosensitive onium salts 
capable of curing resins by irradiation with energy rays, such as aromatic diazonium 
salts or aromatic sulfonium salts, are also known as cation-polymerization curing 
agents. In addition, aliphatic sulfonium salts are also known as products capable of 
curing epoxy resins by activation through heating rather than exposure to energy rays 
(see, for example, Japanese Patent Application Laid-open No. 57-109922 and 
58-198532). 

[ 0005 ] 

[ Problems Which the Invention Is Intended to Solve ] When electrical conduction is 
established between the conductors on a circuit board with the aid of a circuit 
connection material obtained using an adhesive component in which an imidazole or 
the like is used as the curing agent, limiting the connection time, for example, to 
15 seconds yields unreliable connections at a heating temperature of 140°C or lower. 
Increasing the temperature to 140°C or higher is disadvantageous in that heat damage 
occurs in substrates obtained using a low-softening thermoplastic material such as 
polycarbonate. 

[ 0006 ] In addition, limiting the connection time to 5 seconds is disadvantageous 
because unreliable contacts are produced at a connection temperature of 200°C or 
lower, and contact displacement or the like occurs due to thermal expansion or other 



phenomena affecting the circuit boards when the connection temperature is raised 
above 200°C. 

[ 0007 ] Furthermore, the thickness of the contacts must be set to a level below the 
diameter of the electroconductive particles in the connection material in order to 
establish electrical conduction between the conductors on a circuit board with the aid 
of a circuit connection material, and it is important that the reactivity of the 
composition containing a curing agent and a cation polymerizable substance be 
adjusted, as is the fluidity of the composition. An adequate connection is impossible to 
obtain without good fluidity. 

[ 0008 ] An adhesive component containing an aromatic diazonium salt as the curing 
agent cannot be used because the circuit boards do not transmit energy rays. In 
addition, products in which aliphatic sulfonium salts are used as curing agents have the 
same drawbacks as products in which imidazoles or the like are used as curing agents. 

[ 0009 ] An object of the present invention is to provide a circuit connection material 
such that when the conductors of two circuit boards facing each other are connected 
together and the connection time is limited to between 10 and 20 seconds, curing can 
be performed by keeping the materials at a comparatively low temperature (140°C or 
lower) so as to prevent the boards, which have low heat resistance, from being 
damaged by heat; contact displacement or the like is reduced and curing can be 
conducted by keeping the materials at a comparatively moderate temperature (200°C 
or lower) when the connection time is limited to an even lesser value (5 seconds); that 
a service time of 10 hours or greater is achieved at room temperature; and the adhesive 




component maintains adequate fluidity during connection, affording good connection 
properties. 

[0010] 

[ Means Used to Solve the Above-Mentioned Problems ] As a result of thoroughgoing 
research into connection materials that are inert at room temperature and are capable 
of connecting mutually facing circuit conductors on two circuit boards through heating 
that lasts no more than 60 seconds at 140°C or lower, and no more than 30 seconds at 
140 to 200°C, the inventors perfected the present invention upon discovering that the 
stated object can be attained by employing a thermosensitive sulfonium salt selected 
from aromatic sulfonium salts having benzyl groups. 

[ 001 1 ] The present invention resides in a circuit connection material characterized in 
that electroconductive particles are dispersed in an adhesive component produced by 
adding 0.5 to 10 weight parts of a sulfonium salt expressed by Chemical Formula 2 per 
100 weight parts of a composition containing a cation polymerizable substance. 

[ Chemical Formula 2 ] 



(In Chemical Formula 2, R 1 , R 2 , and R 3 may be the same or different substituted or 
unsubstituted groups, and Y" is a non-nucleophilic anion.) 



[ 0012 ] To produce benzyl cations, which are believed to serve as cationic 
polymerization initiators, R 1 should preferably be an electron-attracting group such as 
nitroso, carbonyl, carboxyl, cyano, trialkylammonium, or fluoromethyl; and R 2 and R 3 
should preferably be electron-donating groups such as amino, hydroxyl, and methyl. 
Y- should be a non-nucleophilic anion such as hexafluoroarsenate (AsF 6 ), 
hexachloroantimonate (SbCk), hexafluorophosphate (PF 6 ), or tetrafluoroborate (BF 4 ). 

[ 0013 ] These sulfonium salts can be activated at a temperature of 140°C or lower, 
and cationic polymerization can be initiated. After 10 or more hours have elapsed, the 
viscosity of reactive adhesive is no more than twice the original viscosity in the 
presence of a cation polymerizable substance at room temperature (25°C). These 
sulfonium salts can optionally be used after being dissolved in various dissolving 
solvents (for example, ethyl acetate). The sulfonium salts should be added in an 
amount of 0.05 to 10 weight parts per 100 weight parts of the adhesive component. 
An amount of 1.5 to 5 weight parts per 100 weight parts of the adhesive component is 
particularly preferred. Adding an excessively large amount is undesirable because such 
an amount tends to cause electrolytic corrosion and causes the curing reaction to 
proceed in an explosive manner. 

[ 0014 ] A material that can be deformed by heat and pressure or by pressure alone 
should preferably be used for the electroconductive particles dispersed in the adhesive 
component. Deforming the electroconductive particles increases the contact surface of 
the circuits during connection, improves connection reliability, and affords good 
connections even when the circuits have thickness or flatness nonuniformities, 
irrespective of the presence of protrusions on the circuits. The deformation may affect 
the electroconductive particles as such or may result from forming the 



electroconductive particles into aggregates and then varying the morphology of the 
aggregates during connection. 

[ 0015 ] Examples of such electroconductive particles include metal particles of Au, 
Ag, Ni, Cu, Sb, Sn, solder, or the like; carbon and other electroconductive particulate 
substances; and particles obtained by using these particles or nonconductive glass, 
ceramic, or plastic particles as nuclei and coating their surfaces with another 
electroconductive substance. Another effective option is to use electroconductive 
particles as nuclei, to cover the surfaces of these nuclei with an insulating layer, and to 
allow the nuclei inside to break the insulating layer and to form contacts under 
pressure. Using such electroconductive particles is extremely effective for preserving 
insulation properties in directions at right angles to the direction of pressure application 
and connecting fine-pitch circuits with small inter-circuit distances. Adjacent circuits 
are shorted if the grain size of the electroconductive particles is equal to or greater 
than the distance between the adjacent wires in a circuit. Taking into account that 
deformation occurs due to pressure during connection and that components widen 
laterally, it is preferable for the grain size of the electroconductive particles to be 1 to 
18 |im. Insulating particles may also be used as needed as long as there is no adverse 
effect on the contact among the electroconductive particles. 

[ 0016 ] The electroconductive particles should preferably be added in an amount that 
creates electrical conduction solely in the direction in which pressure is applied during 
bonding. While varying with the distance between the adjacent wires in a circuit or 
with the diameter of the electroconductive particles, this amount is commonly 0.05 to 
20 vol%, preferably 0.1 to 15 vol%, and ideally 0.2 to 10 vol%, in relation to the 
adhesive component. An amount exceeding 20 vol% has an adverse effect on 



transparency and makes it difficult to align the circuits being connected. An amount 
less than 0.05 vol% fails to afford adequate electroconductivity. 

[ 0017 ] When the melt viscosity of the adhesive component at 100°C is 1 to 
1000 Pa ■ s, and particularly 10 to 1000 Pa • s, the adhesive component flows freely, 
and the connection thickness is less than the diameter of the electroconductive 
particles. When the viscosity exceeds 1000 Pa • s, poor fluidity results, the connection 
thickness is greater than the diameter of the electroconductive particles, and inferior 
connections are established. When the viscosity is in a range of 1 to 10 Pa ■ s, 
attention should be paid to establishing a low initial pressure and raising the pressure 
after the adhesive component has been cured to a certain extent, among other things. 
When the viscosity is less than 1 Pa • s, the material is excessively fluid, the adhesive 
component flows outside the connection, connected sections are difficult to preserve 
unchanged, and low reliability results. The manner in which melt viscosity is adjusted 
will be described below. 

[ 0018 ] The storage stability of the adhesive component is improved when the 
sulfonium salt in the adhesive component is microencapsulated. This is because the 
cation polymerizable substance and sulfonium salt are prevented from coming into 
contact with each other during storage. The microencapsulation method is not limited 
in any particular way and may involve solvent vaporization, spray drying, coacervation, 
interfacial polymerization, or the like. Smaller microcapsules afford better results, and 
using interfacial polymerization is preferred because of the hydrophobic properties of 
the sulfonium salt. 



[ 0019 ] Epoxy resins, polyvinyl ether, polystyrene, and the like, which may be used 
singly or jointly, are added to the adhesive component as cation polymerizable 
substances. It is also possible to add other polymers or solid resins with a weight- 
average molecular weight of 3000 or lower. 

[ 0020 ] Of the aforementioned cation polymerizable substances, epoxy resins give the 
best results. An epoxy resin is a compound having two or more epoxy groups per 
molecule. Examples include bisphenol-type epoxy resins derived from epichlorohydrin 
and bisphenol A, bisphenol F, and the like, as well as polyglycidyl ether, polyglycidyl 
ester, and cyclic epoxy resins. 

[ 0021 ] Examples of polymers miscible with cation polymerizable substances include 
polyvinyl acetal, phenoxy resins, polyethylene terephthalate, and polyurethane, as well 
as vinyl chloride, olefins, ethylene-based ionomers, polyamide-based compounds, and 
other polymers. Taking into account film-forming properties, mutual resin solubility, 
and fluidity during melting, the molecular weight of these polymers should preferably 
be 10,000 to 80,000. The presence of hydroxyl groups (OH groups), carboxyl groups 
(COOH groups), or other polar groups is preferred because in this case compatibility 
with epoxy resins is improved, a film having uniform appearance and characteristics 
can be obtained, and reactivity with the epoxy groups can be achieved. 

[ 0022 ] Examples of solid resins having a weight-average molecular weight of 3000 
or lower include resins of natural origin (such as rosins and terpenes), polymeric resins 
(such as aliphatic, alicyclic, aromatic, and coumarone-indene-styrene resins), 
condensation resins (such as phenolic resins and xylene resins), modifications thereof, 
and derivatives thereof. The solid resins with a weight-average molecular weight of 




3000 or lower may be used singly or as mixtures when stickiness, adhesiveness, or the 
like must be adjusted. 

[ 0023 ] 

[ Operation of the Invention ] The sulfonium salt expressed by Chemical Formula 2 
above remains stable at room temperature, and a cation polymerizable substance can be 
activated and cured by being kept at 1 10 to 140°C for 10 to 60 seconds, and at 130 to 
200°C for 1 to 30 seconds. In addition, the adhesive component can be rendered 
sufficiently fluid at a pressure of 0.5 to 5 MPa and circuit conductors can be connected 
by means of electroconductive particles by setting the melt viscosity of the adhesive 
component to between 1 and 1000 Pa • s at 100°C. Consequently, the adhesive 
component can be endowed with good storage stability at normal temperature, 
materials can be bonded and cured while substrate materials are prevented from being 
damaged by heat, and circuits can be successfully connected. 

[ 0024 ] 

[ Working Examples ] Following is a more detailed description involving working 
examples, but the present invention is not limited thereby. 

Working Example 1 

A bisphenol-A liquid epoxy resin (Epikote™ 828, manufactured by Yuka Shell, 
was used) and a phenoxy resin with an average molecular weight of 25,000 and a 
hydroxyl content of 6% (PKHA™, manufactured by Union Carbide, was used) were 
each dissolved in an amount of 50 g in a mixed solvent containing toluene and ethyl 
acetate in a weight ratio of 1:1, yielding a solution with a solids content of 40%. 



[ 0025 ] A nickel layer with a thickness of 0.2 urn was formed on the surfaces of 
particles having polystyrene nuclei, and the nickel layer was coated with a gold layer 
0.02 jim in thickness, yielding electroconductive particles with a mean grain size of 
10 ^im and a specific gravity of 2.0. 

[ 0026 ] A /7-acetoxyphenylbenzylmethyl sulfonium salt was dissolved in ethyl acetate, 
yielding a 50-wt% solution. 

[ 0027 ] The components were mixed such that the weight ratio of solids was 100 for 
the resin component and 2 for the /7-acetoxyphenylbenzylmethyl sulfonium salt, 
electroconductive particles were then added and dispersed in an amount of 2 vol%, the 
product was applied to a fluororesin film with a thickness of 80 |im, and the coated 
film was air-dried at room temperature, yielding a circuit connection material with a 
thickness of 25 jim. 

[0028] Working Example 2 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that a /?-methoxycarbonyloxyphenylbenzylethyl sulfonium salt was 
used instead of the p-acetoxyphenylbenzylmethyl sulfonium salt. 

[0029] Working Example 3 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that a /?-hydroxyphenylbenzylmethyl sulfonium salt was used instead 
of the /7-acetoxyphenylbenzylmethyl sulfonium salt. 

[0030] Working Example 4 



A circuit connection material was obtained in the same manner as in Working 
Example 1 except that a /?-hydroxyphenyl-p-nitrobenzylmethyl sulfonium salt was used 
instead of the /?-acetoxyphenylbenzylmethyl sulfonium salt. 

[0031 ] Working Example 5 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the /?-acetoxyphenylbenzylmethyl sulfonium salt was added in 
an amount of 0.2 weight part. 

[0032] Working Example 6 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the /?-acetoxyphenylbenzylmethyl sulfonium salt was added in 
an amount of 10 weight parts. 

[0033 ] Working Example 7 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the bisphenol-A liquid epoxy resin was replaced with an 
alicyclic epoxy resin (Celoxide™* 1 2021, manufactured by Daicel Chemical Industries, 
was used). 

[0034] Working Example 8 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the bisphenol-A liquid epoxy resin was replaced with a 



1 Translator's note: Asterisks mark tentative transliterations of trade names that could not be found in 
the reference materials available to the translator. 



bisphenol-A solid epoxy resin (Epikote™ 1001, manufactured by Yuka Shell Epoxy, 
was used). 

[0035] Working Example 9 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the bisphenol-A liquid epoxy resin was replaced with an acrylic 
resin (Lipoxi™* SD-1509, manufactured by Showa Highpolymer, was used). 

[ 0036 ] Working Example 1 0 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the amount of electroconductive particles was 0.5 vol%. 

[ 0037 ] Working Example 1 1 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the amount of electroconductive particles was 5 vol%. 

[ 0038 ] Working Example 12 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the diameter of electroconductive particles was 3 jam. 

[0039] Working Example 13 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the electroconductive particles were replaced vyith nickel 
particles having a mean single grain size of 2 jim and an aggregate grain size of 10 ^m. 

[ 0040 ] Working Example 14 



A circuit connection material was obtained in the same manner as in Working 
Example 1 except that nickel particles having a mean single grain size of 2 |im and an 
aggregate grain size of 10 \xm were added in an amount of 0.5 vol% as the 
electroconductive particles, and silica particles with a grain size of 2 fim were also 
added in an amount of 5 vol%. 

[0041 ] Working Example 15 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the amount of the bisphenol-A liquid epoxy resin (Epikote 828) 
was set to 70 g, and 30 g were added for the phenoxy resin (PKHA™, manufactured 
by Union Carbide, was used). 

[ 0042 ] Working Example 16 

Component A comprised 10 weight parts /?-acetoxyphenylbenzylmethyl 
sulfonium salt, 16 weight parts methyl methacrylate, 16 weight parts styrene, 8 weight 
parts ethylene glycol dimethacrylate, and 0.05 weight part azo compound (V-60 and 
V-40 manufactured by Wako Pure Chemical, each in an amount of 0.025 weight part). 
Component B comprised 200 weight parts water, 0.2 weight part sodium 
dodecylbenzenesulfonate, and 0.125 weight part polyvinyl alcohol. The components 
were agitated for 4 hours in a sealed container with a nitrogen atmosphere at 60°C, 
and the product was dried, microencapsulating the sulfonium salt. A circuit connection 
material was subsequently obtained in the same manner as in Working Example 1 . 

[ 0043 ] Comparative Example 1 



A circuit connection material was obtained in the same manner as in Working 
Example 1 except that a /?-hydroxyphenyldimethyl sulfonium salt (sulfonium salt 
devoid of benzyl groups) was used instead of the p-acetoxyphenylbenzylmethyl 
sulfonium salt. 

[ 0044 ] Comparative Example 2 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that l-cyanoethyl-2-methylimidazole was used instead of the 
/?-acetoxyphenylbenzylmethyl sulfonium salt. 

[ 0045 ] Comparative Example 3 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that no electroconductive particles were added. 

[ 0046 ] Comparative Example 4 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the diameter of the electroconductive particles was set to 
20 nm. 

[ 0047 ] Comparative Example 5 

A circuit connection material was obtained in the same manner as in Working 
Example 1 except that the bisphenol-A liquid epoxy resin (Epikote 828) and phenoxy 
resin (PKHA) were used in amounts of 20 g and 80 g, respectively. 

[0048] DSC Measurement 



Each of the circuit connection materials thus obtained was metered out in an 
amount of 3 mg (±0.1 mg), and DSC was measured in a sealed aluminum pan at a 
temperature increase rate of 10°C/min. The analyzer used was TA2000, manufactured 
by Du Pont. 

[ 0049 ] Melt Viscosity Measurement 

The bisphenol-A liquid epoxy resin (Epikote 828) and phenoxy resin (PKHA) 
used in Working Examples 1 and 15 and in the comparative examples were melted at 
about 250°C without being dissolved in solvents, the ingredients were uniformly 
mixed, about 10 g was sampled, the samples were slowly cooled, and viscosity at 
100°C was measured. In the process, no curing agents or electroconductive particles 
were added. The apparatus used to perform the measurements was digital viscometer 
HU-8 (manufactured by Resuka). 

[ 0050 ] Circuit Connection 

The circuit connection materials of Working Examples 1 to 16 and 
Comparative Examples 1 to 5 were used to connect flexible circuit boards (FPCs) 
having 250 copper circuits with a line width of 100 jam, a pitch of 200 ^im, and a 
thickness of 35 jim, and polycarbonate boards (ASTM D648, heat deformation 
temperature at 1.86 MPa is 140°C) fashioned to 0.5-mm thickness and provided with a 
thin layer (surface resistance: 40 Q/square) of indium oxide (ITO) across their entire 
surfaces. The boards were connected across a width of 3 mm by being heated and 
pressed for 20 seconds at 130°C and 1.5 MPa. In the process, the adhesive sides of 
the circuit connection materials were pasted over the polycarbonate boards in advance, 
the components were temporarily connected by being heated and pressed for 5 seconds 



at 70°C and 0.5 MPa, and fluororesin films were then peeled off, providing adhesion 
with the FPCs. In addition, FPCs having 250 copper circuits with a line width of 
100 |im, a pitch of 200 ^im, and a thickness of 35 jam were connected with glass 
(surface resistance: 20 Q/square) provided with a thin ITO film. The components 
were connected across a width of 3 mm by being heated and pressed for 10 seconds at 
160°C and 1 .5 MPa. In the process, temporary connections were formed on the ITO 
glass in the same manner as above. 

[ 005 1 ] Connection Resistance Measurement 

After the circuits had been connected, resistance between the adjacent circuits 
on the connected FPCs was measured with a multimeter in the initial period and after 
the products had been kept for 500 hours at high temperature and humidity (85°C, 
85% RH). 

[0052] Storage Stability 

The circuit connection materials in the form of mixed solvents were sealed to 
prevent solvent evaporation, the sealed materials were allowed to stand at 25°C, and 
the time elapsed until the solution viscosity had doubled was determined. 

[ 0053 ] Connection Thickness Measurement 

The thicknesses of the FPCs and substrates provided with thin ITO layers were 
measured with a micrometer in advance, the post-connection thickness due to the 
circuit connection materials was measured, and the connection thickness was 
calculated. 



[ 0054 ] The measurement results are shown in Tables 1 and 2. The results suggest 
the following conclusions. 

[ 0055 ] In the working examples, the DSC peak temperatures are 100 to 120°C, or 
10 to 20°C lower than in Comparative Example 1 or 2. In particular, the adhesive of 
Working Example 7 has a DSC peak temperature that is 10°C lower than that in 
Working Example 1, and a connection resistance that does not increase appreciably, 
indicating that adequate connections can be formed. In addition, the initial resistance 
according to the working examples is much lower than that of Comparative Example 1 
or 2, and the increase in connection resistance following standing at high temperature 
and humidity is either small or nonexistent. This is attributed to the inadequate 
reactivity of Comparative Examples 1 and 2. The connection material of Working 
Example 8 has a high DSC peak temperature (120°C) and displays a fairly large 
increase in connection resistance. The reason is believed to be a fairly large reduction 
in reactivity due to the use of a solid epoxy resin. Comparative Example 3 dispenses 
with the use of electroconductive particles, so the initial resistance is high, and there is 
a marked increase in connection resistance. In Comparative Example 4, the resistance 
is fairly high because the electroconductive particles used are large (20 \xm) and 
because at 2 vol% the number of electroconductive particles in the connection is low. 
The connection material of Working Example 10, obtained using nickel particles with a 
mean single grain size of 2 ^m and an aggregate size of 10 i*m as the 
electroconductive particles, provides good connection in the same manner as the 
connection material of Working Example 1. The adhesive of Working Example 1 1, 
obtained by mixing nickel particles and silica particles having a grain size of 2 \xm in a 
volume ratio of 1 :1, provides good connection in the same manner as Working, 




Example 1, suggesting that, in particular, the silica particles are disposed between the 
nickel particles, improving insulation between adjacent circuits. The connection 
materials of Working Examples 1 and 15 have 100°C melt viscosities of 1 to 
1000 Pa - s and connection thicknesses that are less than the grain size of the 
electroconductive particles, whereas the connection material of Comparative 
Example 5 has high melt viscosity, cures before the adhesive component has acquired 
adequate fluidity, and yields a connection thickness that is greater than the grain size of 
the electroconductive particles. This results in higher connection resistance and brings 
about a marked increase. When the adhesive solutions of Working Examples 1, 5, 6, 
and 16 were allowed to stand for a long time at 25°C, the viscosities doubled in three 
months for the solution of Working Example 1, six months for Working Example 5, 
and one month for the solution of Working Example 6. In Working Example 16, 
microencapsulation extended the storage period to between three and six months. 

[ 0056 ] 
[ Table 1 ] 





DSC (°C) 


Time elapsed 


100°C 
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peak 


before solution 


viscosity 


thickness 




temperature 
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110 
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110 




3150 


11 



[ 0057 ] 
[ Table 2 ] 



Connection conditions 1 30°C, 1 .5 MPa, 20 s 1 60°C, 1.5 MPa, 1 0 s 



Measurement period Initial After 500 hours Initial After 500 hours 

Working Example 1 3.4 (Q) 3.4 2.1 2.8 

2 3.1 , 3.1 2.6 2.9 

3 3.6 3.7 2.4 2.8 

4 3.7 5.3 2.1 2.5 

5 12.1 40.2 15.8 56.1 
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3.6 


3.8 


2.1 


2.7 


7 


3.0 


3.2 


2:2 


2.4 


8 


4.1 


30.2 


6.1 


51.2 


9 


3.7 


4.5 


3.1 


4.2 


10 


3.8 


4.1 


3.1 


3.6 


11 


3.1 


3.6 


3.2 


3.4 


12 


3.4 


4.1 


3.1 


3.3 


13 


3.6 


4.1 


3.2 


3.8 


1 A 




1 A 

3.4 


3.0 


3.2 


15 


3.7 


4.1 


3.4 


3.8 


16 


4.8 


5.2 


4.6 


4.9 


Comparative Example 1 


20.1 


451 


12.6 


374.0 


2 


10.6 


311 


18.2 


412.0 




9S 1 


41ft 

HIV/ 




J J 1 .u 


4 


8.1 


35.1 , 


6.2 


22.3 


5 


26.1 


181.5 


22.6 


94.3 



[ 0058 ] 



[ Merits of the Invention ] The connection member of the present invention can form 
connections between mutually facing circuit conductors at a comparatively low 
temperature without causing heat damage to substrates prone to heat damage, making 
it possible to form reliable connections in a short time and at moderate temperatures. 
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1 

imxm 1 1 *?*>w£i'&.®&*^tsmMi 1 o o 
0 5~i oM«E£i,fc»»j<s£fc. mwaasLTza 




0. m*\zmu-v>hmts;?TKT'b&<. y- b. 

8 iwtT«4tt©»-e*s c t -r*»#a i ib 

[i»*a4] &%mst*\z. mnmbwo. os- 
2 o^x^snsctswafrsii^i. 2x« 

[»;fcB5] 2*ettfirF©&TS#. 1-1 8 am© 
«SHtf»5ii:S1*at-r-5»*SU 2, 3XB4I3 
ftffllUK&SBm. 

t»*Ji6] mrnti&o 1 0 0 -c tC^ t^^^SfcteflE** 
1-1. 0 0 0 P a • sT»5i:iS»Stt5l}*S 

1. 2, 3, 4X«5E«©ls]K&«*m. 

[»#B7] x;i>*x?Aig£v^n;&:/fe;wt;L 
ftztzto&frzmjumi. 2, 3. 4. sx«6f2 

[§?#« 8 ] #?:t->S£&<»S5*^ir*aj£4& 1 0 0 

afifiSfc^LT*»iT*^nsxjp^^A^«, 0. 
0 5~i om&wg.&Lrd&mtfLft\z. mmmLT&ft 

*n^n©i§iBi9#&*T*E8«©sa>fc 
ma. toffUTae— frftrsct&^t-rsisK© 

[gf 9 ] JDS*. flUEf **fr#ilg 110-14 
Ot:, |E*0. 5MPa~5MPa. P$raiO-6O;0> 
©I8BT&* £ i&4$ai-r-5M*jg8 lc|2«©|sl8© 

[000 1] 

\z8%?ztk*>\z. Ei;iHi8g«±l::&SIB&IUi&£ 
l»3t5CiJt<, 2^©!hI?5S«©S^I^J#-&5 



(2) ftBPf7-9 0 2 3 7 

•5. 

[0002] 

[ft*©ftffi] 2o©iii»s«&SL^»cg^frsttfe 

IC> 2 0©|e|»£fi©5:Wcffl££5*#ffl£> 

siss-e-s d t*<«aw»ci»as-B-* £ tout*. 

7i"j;i'*&f©sRpiisit«isf, x#*->as, ->"j3 
iO ->m*t*©S!s«^ttftSS^tyS^»^lc, 
»^&#ft2-&&&©ataisnTi<>s (eg*tt\ ^bbs 

5 2- 5 9 8 8 9^. ftMBH 5 5 - 1 6 4 0 0 7 ^# 
M) . 

[0 0 0 3] ««^*ti«8fl:tt^gT»Si:^, *© 
tt, X#*^8fIIgl::*tLT7x*>S£g®fcailT&S 

m 3 r 5 >*-r 5 yv-)imv± t Lrm w sti*. sb 
1 6 o*c~2 o cca&w^irc, fti o#~s«fras 

Set. S& 3 7 5 > W 5 ^/-;HBft V-f 9uj]-ft 
T^S (HjLtf. ttN¥4 - 3 1 4 7 2 4*t#BD . 

[0004] ±&7-*>m$w@.KMo>m\ a?* 

B, x*;|,*-3^#|c«fc0#JB£«fc3-t*5!g3fctt* 

mmz^x'bmiiitLxx^^mnit 

30 £-&*<&©£ l,T> JBteftXJ^X^Ai&^&tlTH 
* (09*tt\ «rSBBS5 7-1 0 2 9 2 2^. ftWB35 8 
-1 98 5 3 2*J#!I) . 
[0005] 

[^^#fti/<fc5frssa] -r3^/-;nw:£* 

t£ l 5^>t:fS«-r5t. i 4 0"CKT©Hniliaa-pB 
S«ga?©M«tt*qF+»7!J&o&. *hXl 4 oc&± 

i-rst. jj?»j*-^-h©±5fc«cfl^^fiv^ 

[0 0 0 6] 8SB$|ffl£5fK:l8£T5£> 2 

b ot:£[T©a«ia«-c?tt«iKS5©mMtt*^+»TS 
j$8iiaft£2 o o , c«±fr-5t. @Katg©j^ 

[0 0 0 7] Sfc, @K«««»TlaIKS«±©*#:|« 

«H©^tt«i! : f©iSg6[TlC-r.5!^S*t»b, 
59 fl:5PJt*^^>a^tt«3H*#tf»^«jt©SJ£:ttRi; 
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(3) 

3 

[0 0 0 8] ^#K^7V->>Aifi&«!ibSlfrsS« 
<&#tt. EMffiKft x*;i^-8£8jaLfcu©Tffi 

[0 0 0 9] #&Wtt. 5VMCIfiJ#^'5lsiat*ffi^±<0 

is#M£8i&-r*£#. smiiwi og>~2 otitis 

-V*tt%^t<D1S.^£5\Z. 1 4 OV&TFtoimm 
fifi©Jn&£#-C8!fcT!2. S 5 CSmilSK R£ 
Lfc, 5#Tfe&Jfc$©?^#*J>&<. 2 0 01COT 

BWifSfc©-?**. 
[0010] 

[KJS£#fcf *fc»©#R] *n&#&tt. 20©® 

&S«±©. SV>fcl«ll**3HR»*lll*14 0T;aT a? 
©ins&Ttt 6 0 u»mrt-c, 1 4 0 ~ 2 0 0 "C©Jn*ftTtt 
3 o#ai^T?ssBin!S*»^sta-rtt^stt&tt«»»c 

V»*C4:CJ:0±BBawniJ**n*2:i:«J(,aU * 
f8!?§£5£j£U&<b©T&S. 

[0011] #?*>B£tt«jfi£#tJiiflj£ 

110 0SS8^LTfc2Tw3ftSX.M<=9AJI[ 
SO. 5-10 Sfttf £Bft 

Ms2] 




flS2 1*. R», R'RtfR'tt, B&5ttt#E«©£-C» 
0, SUfcECT'bft&oTHT'fe.k^ Ytt, #3R 

[0 0 12] R' tLTtt. fcg^m^OBMMifcl, 40 

/M^JWfc ->7/g. bOTfrWr^-VJ* 
S. 7**n>i5 1 j«a:£««FSL<. R'fttfR'-hL 
Ttt. *Fft*tt«>*. 75 /S» ;* 

fJkS&tftfffSL^. Y-. tt, #*Stt»-f^>-CS5 
n««fc<. H*tt. M"*7/W-nTA**- h (As 
Ft ) . ^^DD7>m-h (SbCl. ) , 
^7Wn*X7i-h (PFs ) . 
D#k-h (BF< ) #t*l?6n«. 5? 



1$M¥7-9 0 2 3 7 

[00133 c*i6©x;w?=^A«tti 4 o-ceiT© 
a, *ois (2 5t) ic*viT*5 L ^>a^tt®m© 

SftTC, l 0l8ffl»±«a«©Rj&tt«*»©ttS 
**. SI«Btta©2f&£tTT?a&5. s&. cnsox^* 
=*A«U;J&»fc«UT»^l8fc#88« («Att» 
■If*) fcJg&LT&fflT#5„ xjlrt^AttoB 
£Stt. fcfctffl'l 0 0«**fc»LT0. 0 5-10 

sasst-ra. oosfiSKic^LT. 1. 5 

[0 0 14] *»j«»i|»IC»«a*ft»«ttttTiLT 
tt, »«MDBEXtt»ft«jWEfcJ:D*»-r*ft©3W(F3E 

fc©as»iHa*tiSJOU, SIIHMIttmkU 
**>¥Stt©tt5ot. @KWt£jgL&fe©£-t3T& 

£©gJBtt» WttttfraffePXOTe'b©, *«tttt 

[0 0 1 5] JSSttfi^fcl/Ttt. Au. Ag, Ni, 
Cu, Sb. Sn. tt&£tt£©*Jltt?-e, 

fc£**tt**r*4Mi©tt^ cn&©tt*xttiMi 
fc, «*£&7£«£u c©gt©«®sffi»ST?«a 

U iPELfctfrfC|«igS©SA«l8iRB*«oTS«'ra 
J: 3 tel/fc *>©**»■***. C©A53MI«tMk^* 
JB»ft&. JnE*(R»C5l[ft7jlRl©»fittt**5l«Sn. B 
Km©KV>IMiaift©ttRlc««T*OT*«. 
ttT ©&Stt, EI»*TO*r«ftmiaR £ 0 t>*3 < 

^©&gtt 1-18 MmT?*5©*tjf * bt». !&gfc«fc 

0, w«ira?n©*tt*%tf&v>s«c 

[0 0 16] «mttS^©E-&Stt, 2HIJE# 

flfc©*»«t *a»i"*«ttfrr ©©*«#* u». mis 
sat. itMft&tti/T. 0. 0 5-2 ofcmxom 

H. »*U<tt. 0. 1~15^«96. J:Dff*U< 
tt, 0. 2~i oflc^jst-ra. 2 0Ma:*i:i5 
t, awtt^nftu, a^rs@!s©fiB^t>-a-*iHji 
ta:*. 0. 0 smAx^D^tt^tmwttmtvfi 

[0 0 1 7] S5«fiK^©l 0 O'CCfettSIHUftfttf. 
1-1, 000Pa-s, 10-1, OOOPa 

igmtts? ©g«t o t>/h* < fc*. 1 ; 0 0 0 P a • s 
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5 

«fcOfcJ9<ft0fcS!H4**lEV>. l~10Pa-s©«B 

* S«H<b LTfr <S>JE* ft gOffifcMBB t ft 

5. 1 P a • sKT-Clt »£«iL/T€T^^*t»iK 

awcssnttiu ««$#ic#83nfc<<. astt** 

[ooi8] ss^^+roxji/^^A^^V'f^D* 
tm&ft<DR&.£&&w& < ft*. *^ 

UMS^ft, &£&<lcMRttftfr>. v-firn*?* 
*^©&g«*SV>»i5*t«k<, x;V*x-7A:£«ia* 

[0 0 19] . #^*>££tt«!>Sti:tT 

eaa¥*&^a3ooo 

[0 0 2 0] MiB^^a^tt^H©^, x**-> 
Kl2E£t±©X^+v'S$WrSft;fi!gJ-CS&D, to*. 

«. xtf^njpk KU>ttrx7iy-;vAXtttfx7 
x / - ji, f ft e ns t?x 7 x y - ji«x#+ 

xx;k jgaax#^v'»ffift£*«*jf ens. 

[0 0 2 1] tJMHMBft#UT- 

Ux^W>xV7*l'-K *U9W>ft£*, 4M: 
tfx;k *W7-<>. X?U>JS7-1'^/T-. #»JT 
5H*ftiWJV-S**»5. 7^;VAJg£tt*JgU 
B$©SSifr&. MMMSOJtfftt&Mtl/T. £ne©# 
'JV-O^flBlO, 0 0 0BU8 0, OOOKT** 
ffaisVi *Jt. *KS (OHS) J f*J^*->;WS 
(coohS) ftfroffittSfcwrat, x#*->8tjg 
t ©«»ffewsj± ug-ft*MK>4»tt*4rr« 7 * a 
#»sn. *>o. x#*->gt©E£tt£*rr5©T?i? 

[0022] sg¥^^H^i3 o o oxrammmt 

Mb MR. ^Tn>.-f>5 s >-^f 1 U>* 
ft£©a£*ai!g. 7x/-JMHm>W>«tt!2 
©*8£$8iIBft£. Rtf. ^n6©«tt#^»«UMW«» 
*. B*V«ft?*3 0 0 0filT©IHf&*MB«> ttfctt 

[002 3] 

JTCfcD. A^*^>fi^e®H£l 1 0t~14 0 




(4) #§8¥7-9 0 2 3 7 

5 

■CTttl 0~6 0U>. 1 3 0"C~2 0 0 < CT?ttl~3 0 
»©Jffllr«Bttfl:U TafcTS. 3SfcSStJS#©SBI 
teS&l 0 0"CT1~1, OOOPa - sfctSCi 
T. 0. 5~5MPa©;lOEfc«kD8S£riS#©#jaftfl5 

ft*»#sn. «sse^s^i/fcnns»*[Bi©a«!*J# 
«fe<. *o«RimciM9a^-5?*-»A*!:tft< 

[0 0 24] 

%wtttn»cie^$ns fc©-?ttft^. 

*86091 

t*7> 7 x y Affl««X#*5'«« (MHISS/x **S 
*tt. «fi*Xtf3-h 8 2 8*ffiffl) 5 0 g, 
^2 5, 0 0 0, *K*^rS6X©7x/*->»JM 

(a=t>*-mntm iSffliPKHASf 
a) 5 0g$. afijtT? h frx>#mmx?)i> 1 *n © 

ffi^JSfclKiS&LT, B^»4 0%©gatttfc. 
[0 0 2 5] 3pJX^U>£#if *e?©S®K:. # 
a? *0. 2um©-yWHm £©X-y^r,Ml©fl. 

«k. m&o. 02 {itno^g^itt, o u 

[0 0 2 6] p-7-feK*v7xx;i/^>-7;i/^^JVX 
tLlt. 

[0 0 2 7] ®BMlkltV®m&ftl 0 0. p-7-feh 
*->7xx;Wv;U^>v';py^;i.xjU3f:x'7A^2i:ft 
SJ:3»;:E£U SIC, aatt*H*S2#«%E£#» 
m»8 0am©7y*«tl&7^;PAfca*b, £ 

jo arsiaajauT, »*2 5Mm©niK«JK«»s# 
ft. 

[0 0 2 8] §y&#!2 
IC^AT. p-/ h*v'*^XJV^'>7xx;^> 

-7^x?;ux;P5f5x^Ait*ffiffiLfte*«, *ffi^i 

[0 0 2 9] $m®3 

p -7-fe h*->7xx;i/^>-7;i^^^Jl'X;v*x<7AJ& 
fc«^.T. p-k H D+->7i^K>x;Wf*X;l' 

&&$#tt£$ft. 
[0 0 3 0] S£6S^4 

p -7-fe h*->7xx;^>-7;pp<?;pxjP*x'5A<fi 

KftAT, p-t HD*->7i-;i'-p--hD'<>J? 

;M?^x;^x^A«sffifflbfts^B. ^jswit 
mm\z LTEKsa»fis#ft. 

[0 0 3 1] 

P -7-fe h+v7xXJ^>v'JP^5 1 Jl/X;i'^0Affi 

©E^as o. 2 aaest u&a*i4. *isw 1 ti^ a 
so izLT®&&mmzmc 
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7 

[0032] mmms 

p -7-fc h*->7x-;^>>';M5 1 ;i'XJi'3jN-^A« 
©ffi^as i osssBtutB^B, &mmi tmm\z 

[0 0 3 3] $mm7 

F 2 0 2 1 &«&flLfc&fl>B. sfeffifll 1 

[0 0 3 4] §£58098 20 

x/-;PA$iHJBx#*->8fj|i (fSfl2->x;i/x#^v«c 
SC£IL Kffi*xtrn-M 0 0 l fcffiffl) SffifflLfc 

[0 0 3 5] ^68099 

KX7x/-*ASHK^#*3>tHfifcft*. , r. 79 V 

;hmb (ussiiB^Tw^a. «a«ij#*s/SD-i 

[0036] mmmi o a? 
»mtt©T©fis o . 5 ##t»; t LtzBMtmmm 1 1 

coo3 7] mmmi 1 

««&&?©«£ 5#«% t LfcB*!*. SSJ609 1 

[0038] $mmi 2 

©&* 3 (imt L&KfrB, &MM 1 1 [§]« 

[0 0 3 9] $ttfll 3 
SSSttfiTS. ¥J9UM&&2/im. Oumffl 30 

[0040] saswi 4 
^mtte^PS, TO*8S2am, ®&e&10tfm© 

o. BWHxfti&fcisfrttitXM i n«»cbTm 

[004 1] §£880915 

trX7x/-;kAi!^«X3j?*->W (XtT3-h8 2 

8) £7 0g£U 7xy*->fiJJiB (XTt>A-/H 40 

httsS&tt, Ss.B£PKHA£&JB> 

£ 3 0 g t L1t\ZMt$mm 1 fcH«fcUTBtt*Httf 

[0042] mmmi 6 

P - 7-fc b+^xXJI^^^V^^X^fcx^Aft 
lOSfift. X^^UAA^JWl 6 MSB. X^U> 
1 6im X^W>^>j3-;^/^i"JV-K8S 

V-60, V-4 0#0. 0 2 52S®) £Aj£#t 
U*2 0 0SfiSS, H7 J ->^>-fc">x;i/7*>K^- 50 




#$¥7-9 0 23 7 

8 

b U ■> A 0 . 2 SftSB. * 'J \Z=.)17)V? 0 . 12 
5Sa<!B£Bj6fc5>£U ?<yjjlg:HSt©SFftSS*6 0 

[0043] smm\ 

p -7-b h*->7xx;v^>vji/^5 1 ;i'X;P*x«>Aia 

\Z&k.T. p - 1 FD^S^xX^X^I/XJMsxtf 

Att (^>v;i/S©ife^x;i/*x'>Aia) Steffi L-fcS 

*>B» HJI«»Il<i:^{CUT|ili&«iK»^&#fc. 
[0 0 4 4] ttt4092 

p -7-fc h+->7xx;^>^;^?;Px^*x>i7A« 

fcft 1 - 1/7 / X?Ml<- 2 - ;* ?Jl"f 5 ?>/-)l> 

[0 0 4 5] JtKW3 
^ftJK^£E-&LfcW3;&>B, XKfll iHfltKLT 

[0 0 4 6] vc.rn.rn 

«Stt»^Og^2 0 Aim£ffl<,>fc«^B, §£58011 t 
[0047] Jfct*0|5 

HX7x/-;i/AS!JgttX^->1»)l (Xb3-h8 2 
8) £2 0 gtU 7x/*~>8fflB (PKHA) S80 
g £ IxfcBfrHSdttt 1 £|i?«CLTIsI»&88?*m£# 
fc. 

[0 0 4 8] DSC©$|}£ 
£i±#^nfclH|^»«#»*3mg (±0. lmg) ff 

oto. ^Eait7;i/5n>ttiT?#a3isi ot/»TD 

SCSfflJllfc. ffiV>fc##rtHi, 7^#>*t8TA2 

ooo-e&s. 

[0 0 4 9] JSKttSOSIS 

Sttwi. 15, it&m-v. V7.y*;-)VAmmv& 

#*V«M& (Xb3-h8 2 8) £7x/*v8fli (P 

kha) &®Mz®m-?2 5 ovmmrmmL. n- 
o 0"C-e©8ig£ii8£L.£„ c©t€r«ft;^ 

Kxv^^ffiffHU - 8 
[0 0 5 0] IlK©^ 

mm i~i6. jt^0a 1 ~ 5 MBn&mtsitmzm 

74>®1 0 0 Mm, My=f-2 0 Oxtm. Jl*3 5/jm 
©ffl@K£2 5 0##-r-5 7^->7;MaIKMS (FP 
C) £®fcKfc'f >^^A (I TO) ©»S$JgJ« 
(S®fita4 0Q/D) Lfc. »*0. 5mmffljJ?U* 
(ASTM D648. 1. 86MPaT 
©^^ia«14 0'C) t*, 13 0t:. 1. 5MPa 
t?2 0»MMinJEbTi|i3mmtt)fcOSfi!bfc. C 

i^tt^C^aiJSSIAD^m 7 01C, 0. 5MP 
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9 

0 0 Mm, tfj/?2 0 0 tfmjS*3 5Mm©$lE|g&£2 

so^t^FPCfciTooaMjgfSu&^x m 

Bffi$t2 0Q/D) ££. 16 0*0, 1. 5MPaT?l 

[0051] &jag«©ji]£ 

0&©8S?&. ffi&$££tr f p c ©» &[si8ra©igln; 

fflS, SJ83i. 8 5*C. 8 5%RH<OiSfflJSSTIC5 0 
[0 0 5 2] 

®B8ift#»£ESJ8iffi©3:£T. WH««W»bftV»J: 
[0 0 5 3] &i£Jl*©a]£ 

1 TO©S*Jf £^£LfcS«i:FPC©JP*£-7'f *n 
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